We present a tachyonic field inflationary model in teleparallel framework. We show that tachyonic coupled with the f (T ) gravity model can describe the inflation era. For this purpose, dynamical behavior of tachnoyic field in different potentials is studied, it is shown that tachyonic field with these potentials can be an effective candidate for inflation. Then, we discuss slow-roll conditions and show that by the appropriate choice of the parameters, the inflation era can be explained via this model. Finally, we argue that our model satisfies the result of BICEP2, Keck Array and Plank for the upper limit of r < .012
Introduction
According to the observations of WMAP [1] and PLANK [2] , the inflation era in the early universe is one of the most important parts of standard cosmology. The idea of inflation not only solves the flatness, horizon, magnetic monopoles problem, but also predicts adiabatic and scale invariant Gaussian perturbation, responsible for the structure formation. This prediction is well consistent with the observational results [4] .
Inflationary theories are formed based on the dynamics of an inflaton field which is minimally coupled with Einstein's gravity. Fundamental theories like supergravity, string theory, etc suggest various sorts of potentials for inflation which are determined from phenomenological reasons or requirement of satisfaction of specific symmetries. Recent observations of Plank [5] and BICEP [40] have made serious constraints on inflationary models, even some of the models have been discarded. Many inflationary models have recently been extensively studied [7] . In the old inflationary model [9] , it is assumed that inflaton is in the semi-stable false vacuum. It decays to the real vacuum through the first kind phase transition. This model is not able to describe a proper graceful exit. Nowdays, many different inflationary models such as chaotic [8] , extended [10] , power-law [11] , hybrid [12] , natural [13] , supernatural [14] , extranatural [15] , eternal [16] ,brane [17] , oscillating [18] , trace-anomaly driven [19] , ghost [20] , tachyonic [21] and etc [23] have been proposed in the literature.
One of interesting methods for creating an inflationary models is to use tachyonic scalar field.
In string theory, in addition to the non-Bogomolnyi-Prasad-Sommerfield(BPS)D-branes, there are some other unstable D-branes which are known as non-BPS D-branes. These unstable D-branes are specified by having a single mode with negative mass [24] . There are some terms in potential of tachyonic field which cause it to have a lower bound. Thus, non-BPS D-branes can decay to the minimum state of tachyonic potential. Therefore, one can see that in the stable point, the sum of negative and minimal energy of tachyonic potential and the positive energy of the branes's tension is exactly zero [25] . As a result, the unstable non-BPS branes, located in flat-spacetime vacuum should decay into real vacuum. So, tachyonic field can be used to construct an inflationary model. It can also be shown that the tachyonic field can describe the accelerated expansion of the universe. Therefore, in addition to the explanation of inflationary era, tachyonic models are suitable candidates for dark energy [26] .
In this paper, using a tachyonic field in teleparallel gravity, we propose an inflationary model.
Teleparallel gravity is an attempt made by Einstein [27] to establish a unified theory of gravity and electromagnetic based on mathematical structure of teleparall framework. General relativity is a gauge theory of gravitational field based on equivalence principle. Although it is not necessary to work with the Riemannian manifold, there are several modified theories such as RiemannCartan in which the geometrical structure of the theory is not metrical. There are more than one dynamic variables in these kind of modifications [28] . If we neglect the non-metrical nature of the theory, we can move from Riemannian manifold to Weitznbock spacetime with local Riemannian tensor and torsion. One example to these sort of theories is teleparallel gravity in which we work with non-Riemannian manifold. In teleparallel framework, dynamics of the metric is determined by scalar torsion T . Basic variables in teleparallel gravity are four Vierbein basis e i µ which are orthogonal. Free coordinate basis are given by
(1.1)
These four basis are orthonormal while η µν is Minkowski metric, it means that e i µ e µ j = δ j i . This is the simplest kind of teleparallel gravity which is known as f (T ) gravity, where f (T ) is an arbitrary function of torsion T. Some authors believe that curvature and torsion could have a different role in the early universe. In fact, many reasons suggest that the torsion and curvature naturally produce the repulsive portions to the energy-momentum tensor [29] . Many evidences indicate that the torsion might be involved in any comprehensive theory which works with nongravitational fundamental interactions [30] . The torsion is usually interpreted as spin density of the matter, but often it has more general and broader meaning.
In this paper, in addition to the introduction of an inflationary model based on teleparallel gravity, the phenomenological aspects of this model will also be considered. Using the description of phase space, we will study dynamical behavior of tachyonic inflationary model. This paper is organized as follows. In the second section, we present a short introduction to teleparallel gravity and we study properties of dynamical behavior of tachyonic model in teleparallel framework. The third section is devoted to study of tachyonic inflationary model. In section four we present phenomenological results of the model. In final section, a conclusion is given.
Dynamical behavior of tachyonic field in f (T ) gravity
In terms of teleparallel gravity, vierbein e i ν are the main quantity. As mentioned, these basis are orthonormal and independent of the coordinates system and are defined in terms of the metric as follows
In which µ and ν are coordinates on the specified curve and take 0, 1, 2, 3. In teleparallel gravity, Weitznbock connection tensors are given by
Components of the torsion tensor are obtained from anti-symmetric part of Weitznbock connection
Also, torsion scalar is defined as
in which we have a new tensor S µν α defined as
Now we can write the action for the tachyonic field in teleparallel gravity as [31] 
where φ is a scalar field which is non-minimally coupled to torsion scalar T with coefficient of f (φ). V (φ) represents the potential function for the scalar field which can be determined using the physical conditions and symmetric considerations. The introduced action with torsion formalism in general relativity is similar to the standard scalar-tensor gravity in which the scalar field is coupled to the Ricci Scalar [32] . In this paper, we assume that the background geometry of the universe is flat and described by Friedmann-Robertson-Walker (FRW) metric
where a(t) is the scalar factor. Using equation (2.4), one can easily calculate the torsion scalar in flat FRW metric 8) in which H =ȧ/a is Hubble parameter and dot denotes differentiation with respect to the time.
In this model, it is assumed that the scalar field φ is only function of time. Using torsion scalar (2.8), we can show that point-like Lagrangian density for action (2.6) is obtained as
Euler-Lagrange equation for a(t) and φ(t) are obtained respectively as
10)
According to the equation
one can calculate the energy momentum tensor. Therefore, energy density and pressure of tachyonic field can be written as
12)
If we assume thatφ is a function of φ, we can rewrite the second derivativeφ as 14) in which prime indicates differentiation with respect to φ. Considering Friedmann equation H 2 = 8πG 3 ρ along with equation (2.14), equation (2.11) turns out to bė
Now, if we substitute tachyonic energy density in equation (2.15), then we have
Now, for the different modes of coupling coefficient of tachyonic field to teleparallel gravity, we draw phase space diagram and give a physical interpretation. For each of coupling coefficient, various potentials will be considered.
I)f (φ) = 1: For a state in which there is no coupling between tachyonic field and torsion scalar, or f (φ) = 1( or any constant value), we can see that equation (2.16) is simplified
Tachyonic potential in the open string theory [33] is given by
where φ . is equal to √ 2 for non-BPS brane in superstring theory and 2 in Bosonic string theory.
Note that tachyonic field at φ → ∞ has a ground state. Substituting this potential in equation It has been shown in [24] that taking into account this potential, the solutions of tachyonic field will satisfy Noether symmetry in telleparallel framework. Unlike the two previous potentials which were even functions of tachyonic field, this potential is decreasing with respect to φ and with the increment of tachyonic field, its effects is eliminated from action (2.6). Now we can draw phase space diagram of this potential as follows.
It can be seen from figure (3) that with the increment of field value, both the potential and the term 1 −φ 2 simultaneously tend to zero. Therefore, as tachyonic potential in non-BPS D-brane in superstring theory, with the increasing the field value, we expect a positive acceleration period in this potential. We can also point out other potentials which are inverse power, V (φ) ∝ φ −n . As illustrated above, for f (φ) = φ 2 the dynamical behavior of tachyonic field does not change for the used potentials. The only difference is that except anti-D brane, we can see in the other potentials that for the boundary condition φ < 1, decreasing of tachyonic field, causesφ tending to one and tachyonic terms will be decoupled from teleparallel gravity.
Cosmological inflation in teleparallel gravity
Recently, many studies have been carried out on the inflation model of tachyonic fields [33] . It has also been shown that the tachyonic inflation model suffers from serious problems [34] . However, the authors of paper [35] succeeded in solving these problems by presenting a multi-tachyonic inflation model. In throughout this paper, it is assumed that there is a(non)minimum coupling between tachyon field and gravity [36] . However, In this paper, we study a novel model in which the tachyonic field is coupled to the telleparallal gravity. In this section, we consider the case in which f (φ) = 1. Note that when the coupling is non-minimal, conformal transformation can be used. Conformal transformation in f (T ) gravity has been studied in paper [37] . Unlike to conformal transformation in f (R) gravity, a term which is related to the coupling of scalar and tensorφT ρ ρ0 appears. Following the method in [37] , if we apply the conformal transformation g µν (x) → f (φ)g µν on action (2.6), we obtain
2 H. The first condition that needs to be satisfied is,ä > 0. Thus, from equation (2.10), we have
Since we only study the minimal coupling case, if we assume f (φ) = 1 , we find
By inserting H 2 = 8πG 3 ρ and using equation (2.12), we obtain
From the above equation, we can conclude thatφ 2 (t) < . To describe an appropriate inflation period, tachyonic field of this model should start from a very small initial value ofφ. Now, the slow-roll parameters are computed as 23) where and η are the slow-roll parameters. The number of e-folds is given by
Spectral index n s and the tensor to the scalar ratio r are given by
For potential of open string theory, the above parameters are found to be
If we choose φ φ 0 small enough, the condition (3.26) is guaranteed to be satisfied. Then, by integrating equation (3.24) , the number of e-folds is calculated as 27) Since = 1 at the end of inflation era, one can find 28) so φ N can be calculated. If we take φ 0 ∼ 0.1, we find φ N ≈ 500M p . Considering the results in [39] , the amplitude of scalar power spectrum is restricted to
This restriction could be used to determine the value of φ 0 . Using the equations for the slow-roll region, one can state that V (φ) ≈ (0.03M 4 p ). Since N ≈ 57.7, so we find spectral index to be n s ≈ 0.956 and the tensor to the scalar ratio r ≈ 0.0061. Although there are a lot of uncertainty about the results of BICEP2 which reports r ≈ 0.2 [40] , Keck Array has confirmed their results in the excess of B-mode power over the standard expectation [41] [2]. If we look at the results of BI-CEP2, Keck Array and Plank all together, we deduce that r < 0.12 and the likelihood maximum is around r ≈ 0.05 [42] . Even though the obtained value for r from tachyonic model is different from the maximum value, it satisfies the upper limit in [42] .
Conclusion
In this paper we examined taychyonic field in the framework of teleparallel gravity. By examining the dynamical behavior of tachyonic field in the potential derived from Noether symmetry, one can see that with increasing the field value, both potential and the conjunction term 1 −φ 2 simultaneously approach to zero. Therefore, like tachyonic potential in Non-BPS brane in superstring theory, with the increase in the field strength, we expect to have a positive acceleration for this potential.
Also, by studying the dynamical behavior of tachyonic field in f (φ) = φ 2 , we obtained the similar result. The only difference that we see for all potentials except for anti-D-brane is that for the boundary condition φ < 1 , with reduction of the field value,φ tends to zero and tachyonic terms are decoupled from gravitation.
Finally, we studied inflation of the tachyons in the framework of f (T ) and considered the the state in which f (φ) = 1. Then with computation of the slow-roll parameters for this model, we found that with the proper choice for the parameters, one can find approximately n s = 0.956 for the spectral index, also the tensor to the scalar ratio is obtained as r = 0.0061. The calculated r from tachyonic model agrees with the upper limited value obtained in [42] .
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